The serological tests for rheumatoid serum factors fall into two categories, in which rabbit antibody and human gamma globulin respectively provide the reactant. Clinically, the chief use of these tests for serum antiglobulin factors is to assist diagnosis of rheumatoid arthritis, and serum titres above given levels are commonly regarded as "positive". In most tests the "positive" level has been selected to include as many rheumatoid arthritic subjects as possible, but at the same time to exclude most nonrheumatoid subjects. Nevertheless it is well-known that a proportion of cases of undoubted rheumatoid arthritis assessed in this way are "sero-negative"; and in juvenile chronic polyarthritis (Still's disease) especially this sero-negative proportion is large.
The question therefore arises whether quantitative measurement by a sensitive method might reveal the presence of rheumatoid antiglobulin serum factors in "sero-negative" patients. The FII haemagglutination test originally devised by Heller, Jacobson, Kolodny, and Kammerer (1954) appears to provide such a method. This test detects antiglobulin antibody in patients' sera by haemagglutination of tannic acid treated sheep red cells coated with Cohn Fraction II gamma globulin prepared from human serum. Jacobson, Kammerer, Wolf, Epstein, and Heller (1956) used this method to test sera from a large group of patients with rheumatoid arthritis and other arthritides, and from non-rheumatic patients, and compared results with those obtained by a haemagglutination test using sheep cells sensitized with rabbit anti-sheep antibody. In the FIT test they accepted as positive titres of 1: 28 or more, and in the sensitized sheep cell test 4-fold enhancement or more of the agglutination titre when sheep serum diluent was used instead of saline. They found good agreement between the two tests when positivity was defined in this way. Others have reported that the FII test is considerably more sensitive than the latex or differential agglutination test for rheumatoid factor (Peltier and Christian, 1959; Oreskes and Siltzbach, 1968; Oreskes, Rosenblatt, Spiera, and Meadows, 1968) .
This paper presents results obtained with the FII test on sera from healthy subjects and from patients with arthritis or other diseases; the sera were also tested by two other methods-the differential agglutination test and latex particle agglutination, representing rabbit and human reactants respectively. In particular, the investigation sought to establish whether the FII test could detect serum antigammaglobulin factors in conditions usually regarded as sero-negative.
Material and Methods Sources of Sera Tested
Sera from all patients in the wards of this Unit or attending its clinics for whom a differential agglutination test or latex tests was requested between May, 1966, and pH 8 0) . The packed washed cells were diluted with 2 vols buffer.
A solution in saline of tannic acid (Mallinckrodt) containing 1 part in 40,000 was prepared from a 1 per cent. solution kept at -20°C. The cell suspension and the tannic acid solution were both adjusted to pH 8-0.
To the 1: 40,000 tannic acid solution an equal volume (usually 24 ml.) of cell suspension was added drop by drop, with constant stirring, and the mixture was incubated for 15 min. at 37°C. It was then centrifuged at 4°C. at 1,000 r.p.m., and the deposit of tanned cells re-suspended and washed in an equal volume of buffer, centrifuged again, and re-suspended in twice the packed cell volume of buffer.
From 1 per cent. solution in buffer of FIT (Squibb, Batch 2001) kept at -20°C., a 1: 20 dilution was prepared in buffer.
One vol. (10 ml.) tanned cell suspension was added to 2 vols 1: 20 FII solution, and incubated with occasional stirring for 35 min. After cooling to 4°C. the coated cells were centrifuged and washed once in buffer, resuspended in Alsever's solution, and stored, all at the same temperature. Cells tanned but uncoated with FII were also prepared and kept in Alsever's solution.
Each batch of coated tanned cells was tested as follows against positive and negative human serum controls.
(b) Test Procedure
(1) PRELIMINARY ABSORPTION.-The positive and negative control sera (and subsequently sera for test) were diluted 1: 25 in buffered saline, without previous heat inactivation, and to 2-5 ml. of this dilution in a 4 in. x j in. tube were added 2 ml. of four times washed fresh sheep cells. After overnight refrigeration of 4°C. the tubes were centrifuged and the agglutination tests carried out on the supernatants.
(2) Positive and negative control sera absorbed in this way were diluted in buffered saline containing 1 * 5 ml. foetal bovine calf serum (Microbiological Associates Ltd., Bethesda) in each litre. For each serum a row of ten doubling dilutions (1: 25 to 1: 12,800) was prepared in 0-5 ml. volumes. Two additional tubes containing 1: 25 and 1: 50 dilutions were included for each serum.
(3) Suspensions of coated tanned cells and uncoated tanned cells respectively were prepared by adding 0-25 ml. packed cells to 100 ml. buffered saline containing 0 15 per cent. foetal bovine serum.
The additional two tubes containing 1: 25 and 1: 50 serum dilutions each received 0*25 ml. of uncoated tanned cell suspension; the row of serum dilutions in tubes 1 to 10 received 0*25 ml. coated tanned cell suspension in each tube. The tubes were well shaken to mix the contents and kept overnight at 4°C. Sedimentation patterns were read the next morning. Tables I and II give some indication in terms admitted to this hospital with disease of the respiraof FII titre of the level of serum antiglobulin activity tory system also provided sera for control purposes. (1) The mean titres of groups (a), (b), and (c) do not differ significantly. Their combined mean, I 5, has been used for comparisons.
(2) Significantly different from controls (P <0 001).
(3) Significantly different from controls (P <.0 001). Results in Sero-Negative Arthritis other than Degenerative Joint Disease Table III shows that low or moderate FIT titres were found in some otherwise sero-negative healthy subjects, and also that among patients in the nonrheumatic control groups low and moderate FIT titres were noticeably more frequent than positive latex tests. This finding confirmed the suitability of the FII test as a means of seeking low levels of antiglobulin factors in otherwise sero-negative arthritis. In this category the following groups were tested, and the results are shown in Table IV. (1) ANKYLOSING SPONDYLITIS ( (1) = non-rheumatic sick children.
(2) =rheumatic fever follow-up cases.
In summary, the findings in this group show that in four arthritides usually regarded as seronegative, the FIT test revealed no higher incidence nor higher levels of antiglobulin factors than might be expected in random samples of hospital patients with other non-arthritic conditions. The results obtained with all three serological tests are shown for these two subgroups in Table V ; taken together, they support the concept that psoriatic arthritis is an entity distinct from rheumatoid arthritis with psoriasis. A total of 257 cases of Still's disease were tested. Of these 119 were under 16 years old, and 138 were first seen and diagnosed in childhood but at the time of testing were over 16 years of age.
Results in Arthritides with
For comparison, two control groups of corresponding age distributions were used, in addition to the control groups already described. These were, respectively, a random group of seventy children in hospital with various non-rheumatic conditions, and a group of 203 rheumatic fever subjects undergoing follow-up. Table VI shows the results in Still's disease and in these two additional control series.
In the cases of Still's disease, the incidence of positive DATs was low-9 per cent. in the over-16s and 5 per cent. in the under-16s. In both age groups positive latex tests occurred with about twice the frequency of positive DATs, and FIT titres of 1: 200 or more were four times as frequent. The highest incidence of the latter (45 per cent.) was seen in cases of Still's disease over 16 years old with clinically active disease, but in both age groups the mean FII tube titre was significantly, though not strikingly, higher than in the respective control groups. In addition to the above, 33 cases of "probable" Still's disease (Ansell and Bywaters, 1962) were tested. Their mean tube titre was 2-1 (see Table VII Antiglobulin activity determined by FII haemagglutination tests has also been reported in 11 per cent. of syphilitic sera (Peltier and Christian, 1959) , 15 per cent. of post-epidemic Asian influenza (A2) sera containing viral antibody (Svec and Dingle, 1965) , 49 per cent. of acute psychiatric subjects (Oreskes and others, 1968) , and 38 per cent. of patients with sarcoidosis (Oreskes and Siltzbach, 1968) .
Against this background, all five categories of rheumatoid disease shown in Table VIII proved to have significantly higher incidences and levels of antiglobulin activity; but perhaps the most striking feature they show is a clear grading of sero-positivity. Thus, the mean FIl titre of the groups of cases of classical or definite rheumatoid arthritis was between 1: 1,600 and 1: 3,200. Two out of every three of the 26 per cent. of these cases sero-negative by DAT and latex gave FII titres, mostly of 1: 200 or more; but 9 per cent. (39 cases) of the classical or definite group were sero-negative by all tests.
In rheumatoid arthritis with psoriasis, the mean titre was lower-between 1: 400 and 1: 800-but, again, two-thirds of the otherwise sero-negative subjects gave haemagglutination titres in the FIT test. The core of consistently negative patients in this group was larger, 15 per cent. These results show that, in rheumatoid disease, the use of the FIT test does not in fact result in a sharper serological demarcation from non-rheumatoid conditions. Instead it reveals the graded character of the increased antiglobulin response in the various rheumatoid conditions included in the study. Indeed, throughout the large series of rheumatoid and non-rheumatoid cases and normal subjects reported here, the distribution of antiglobulin activity forms a graded continuum whose existence is clearly demonstrated by the FIT titration method, but is much less evident from latex and DAT results as usually interpreted. Ball and Lawrence (1961) Finally, it may be remarked that these observations make it difficult to accept uncritically any theory that would implicate autoimmunity, exemplified by the production of antigammaglobulin autoantibody (Williams and Kunkel, 1965) , as necessary for the development of the rheumatoid diseases considered here, however secure the proposition that it materially influences the course of these diseases once initiated (Duthie, Brown, Knox, and Thompson, 1957 Low FIT titres (mean 1: 25-1: 50) were found in 37 to 45 per cent. healthy subjects, and in patients with various non-rheumatoid subjects, including degenerative joint disease, arthritis with gastrointestinal disease, Reiter's disease, and gout; low titres were also the rule in ankylosing spondylitis (mean 1 : 50-1: 100).
In classical or definite rheumatoid arthritis, rheumatoid arthritis with psoriasis, probable and possible rheumatoid arthritis, and Still's disease, mean titres were significantly higher than in nonrheumatoid controls. The respective mean titres of these groups showed a downward gradation from 1: 3,200 to 1: 100. In classical or definite rheumatoid arthritis, one case in ten was sero-negative by all three tests. The FIT results show that the distribution of antiglobulin activity in a mixed population of rheumatoid and non-rheumatoid subjects forms a graded continuum from high levels to zero. Titulos FIT bajos (media 1: 25-1: 50) fueron hallados en un 37 a un 45 por ciento de sujetos saludables y en pacientes con varias dolencias no reumatoides, entre ellas enfermedad degenerativa de las articulaciones, poliartritis con enfermedad gastrointestinal, sindrome de Reiter y gota; titulos bajos eran tambien comunes en la espondilitis anquilopoyetica (media 1: 50-1: 100).
En la poliartritis reumatoide clisica o definida, la poliartritis reumatoide con psoriasis, poliartritis reumatoide probable y posible y el sindrome de Still, los titulos medios eran significativamente mas altos que en los testigos no reumatoides. Los titulos medios respectivos de estos grupos mostraban una gradaci6n descendente desde 1: 3.200 hasta 1: 100. En la poliartritis reumatoide clasica o definida, uno de diez casos resulto seronegativo por los tres ensayos. Los resultados FIT muestran que la distribuci6n de la actividad anti globulinica en un grupo mixto de sujetos reumatoides y no reumatoides forma una gradacion continua desde los altos niveles hasta cero. 
